We report a case of Uhl's anomaly in a 3-week-old infant that underwent central shunt placement, patent duct us arteriosus and main pulmonary artery ligation. The infant presented with room air saturation of 43%, dilated right ventricle with decreased function and dilated right atrium. Diagnosis was established with a myocardial biopsy.
INTRODUCTION
Uhl's Anomaly is a rare cardiac condition in which there is total absence of right ventricular myocardium resulting in apposition of the endocardium and epicardium. We report a case of Uhl's anomaly in a 3-week-old infant female who was presented with cyanosis.
CASE REPORT
An infant female presented to the emergency department at 3 weeks of age with emesis. Her room air saturation was 43%, which increased to 73% with supplemental oxygen. Her chest X-ray was unremarkable [ Figure 2 ]. An initial echocardiogram demonstrated a severely dilated right ventricle with decreased function and a dilated right atrium and hepatic veins. There was a restrictive atrial communication shunting right to left with a mean gradient of 8 mmHg. She was taken to the cardiac catheterization lab for an atrial septostomy for suspected total anomalous pulmonary venous return and pulmonary hypertension. Following the septostomy her oxygen saturations deteriorated severely. Balloon occlusion of the atrial septum was performed after which the oxygen saturation and vital signs improved. A pulmonary arteriogram showed sluggish pulmonary blood flow with normal pulmonary venous return to the left atrium. Her pulmonary artery pressures were low. She was placed on veno-arterial extra corporeal membrane oxygenator (ECMO) due to an inability to adequately oxygenate coupled with biventricular systolic dysfunction. While on ECMO support her left ventricular function improved; however, right ventricular function remained severely depressed. Despite the previous catheterization data, the diagnostic and therapeutic target was pulmonary hypertension, and thus she underwent an open lung biopsy to rule out pulmonary capillary alveolar dysplasia as a cause of severe pulmonary hypertension. Further misdirecting the management, the biopsy results were consistent with changes due to pulmonary hypertension including mild medial hypertrophy of small arterial vessels. It did not show any signs of capillary alveolar dysplasia or other diseases consistent with the child's clinical condition. Continued assessment with 2D echocardiograms did not show any improvement in right ventricular function. After several days on ECMO and with discussions including the cardiology team, she underwent repeat cardiac catheterization, which confirmed the low pulmonary artery pressures and decreased right ventricle (RV) function. The coronary artery anatomy was normal. The diagnosis of isolated RV cardiomyopathy was then entertained, and she was taken to the operating room for a central shunt along with patent ductus arteriosus (PDA) and main pulmonary artery (MPA) ligation and RV biopsy. The specimen showed complete absence of myocardial striated muscle and instead consisted of dense and loose fibro-connective tissue with prominent blood vessels and small amount of epicardial fat, all consistent with Uhl's anomaly (Figure 1 ). Post-operatively she could be weaned slowly from mechanical circulatory support. She was ultimately discharged home with plans to follow a single ventricle palliation pathway.
DISCUSSION
Osler was the first to describe a thin, parchment-like heart where the ventricles were thin and dilated. [1] Later in 1952, Henry Uhl observed a thin right ventricle where the myocardial layer was absent. [2] This condition, now referred to as Uhl's anomaly, is rare, and was revisited by Dr. Uhl more than 40 years after his original description.
[3] It is described by the absence of the myocardium in the parietal wall of the right ventricle with apposing epicardial and endocardial layers, and no adipose tissue present. [4, 5] The septal wall, septomarginal trabeculation and the papillary muscles of the tricuspid valve are normally muscularized. [4, 6] Patients will be most commonly present as infants with right-sided heart failure. [7] Cyanosis can often be seen as a result of right to left shunting at the atrial level. [8] The cause of the absence of the myocardial layer is not fully known. It is postulated that it could result from apoptosis of the right ventricular myocardium or from failure to protect against apoptosis. [6, 8, 9] The underlying cause may be genetic due to a sporadic mutation. [4] Diagnosis is frequently made by imaging studies such as an echocardiogram or cardiac magnetic resonance imaging, and can be confirmed by a myocardial biopsy. In this case, due to the rarity of this disease, the diagnosis was not considered until it became clear that the patient had right ventricular failure in the absence of increased pulmonary vascular resistance. Initially, other more common causes of poor right ventricular systolic shortening, sluggish pulmonary blood flow and cyanosis were entertained. The data regarding the pulmonary artery pressures from the initial catheterization was not fully appreciated until it became obvious that the child's course was not improving despite maximal therapies directed at lowering the pulmonary vascular resistance.
There are several descriptions of various surgical approaches to the management of Uhl's anomaly including: A bidirectional Glenn with atrial septectomy and disconnection of the MPA followed by plicating of the RV cavity, one and a half ventricle repair with partial right ventriculectomy, and cardiac transplantation. [5, 8, 10] These approaches all report surgical success; however there is no agreement on the definitive approach. To enable the team to gather sufficient data and devise an approach for surgical management, a prostaglandin infusion can be initiated to provide pulmonary blood flow. In this situation, the absence of pulmonary valve insufficiency should be assured.
In summary, Uhl's anomaly is a rare form of right ventricular failure in infants and can masquerade as pulmonary hypertension due to the isolated findings of right ventricular dilation, cyanosis and decreased right ventricular shortening. However, this disease entity should be kept in the differential until the pulmonary vascular resistance can be accurately assessed. 
